Civil Engineers 2013), the seismic design process starts with the selection of the seismic force resisting 10 system (SFRS) that is required to entirely resist the design seismic forces. This part of the design 11 process is quite straightforward as it simply requires to analyse a finite element model that does not 12 include elements not part of the SFRS. For the rest of the structure, the gravity load resisting system 13 (GLRS) made of members not designated as part of the seismic force resisting system, two design 14 approaches are available. They can be designed to either possess (1) sufficient capacity to deform The elastic capacity approach is particular, because it requires an analysis of the complete structure 20 to determine seismic internal forces in elements part of the GLRS in the deformed configuration. The 21 difficulty is that, while considering that all the seismic demand is taken by the SFRS results in a 22 safe design of the latter, it leaves no clue as to how much seismic forces is carried in the rest of the 23 structure. It is then impossible to rationally allot part of the seismic forces to the elements that are not 24 part of the SFRS. For this reason, the default method specified in the NBCC for the GLRS is a non i.e, a full model of the structure and a model of SFRS. Indeed, the method can obtain all required force 37 demands from the analysis of a single full model of a building.
38
Determination of force demand on GLRS elements is important because failure of these elements 39 is one of the main causes leading to the collapse of reinforced concrete (RC) buildings during earth- for a fast evaluation of GLRS element forces. However, considering that one of the advantages of the 27 finite element method (FEM) is to give design forces and displacements in a single computation cycle, 28 it can conveniently be used to obtain all required force demands using the proposed method. When 29 torsion is considered (as it should be), the top displacement is different for each column. Therefore, 30 multiple profiles must be computed and applied to the model, thus requiring more computing time when 31 compared to the proposed method (see sections 3 and 4) which can give the forces for all members of 32 the GLRS with a single load case per seismic loading direction.
33
The simplified drift ratio profile presented in the CSA A23.3 standard was obtained from multiple 34 non linear analyses performed on thirteen cantilever shear walls with fixed support and with a rotational 35 spring at the base whose stiffness was varied to model different rotation magnitude at the base (Dezhdar 36 2012; Dezhdar and Adebar 2015). Dezhdar and Adebar (2015) defined the drift ratio value of 0.7 at the 37 base of a structure to account for increase inter-story drift at the base of a shear wall due to deformation 38 of foundation, inelastic curvature in storeys that extend below the base and also shear strains. 
Accounting for core wall inelastic deformation in linear analysis

40
When computing seismic forces and displacements in core wall buildings from response spectrum 41 analysis, it is required by current standards to reduce the gross stiffness properties of structural elements walls was adopted:
where γ w is the wall overstrength factor equal to the ratio of the load corresponding to nominal moment 8 resistance of the wall system to the factored load on the wall system, R d and R o are the ductility-related 9 and overstrength-related force modification factors, respectively. For the core wall building shown in gives, for the coupled and cantilever directions respectively, I e = 0.62I g and
11
I e = 0.5I g .
12
Such equations give an estimate of the structure's global behaviour, but does not reflect the concen- where α, β and γ are constant parameters, ℓ w is the wall length, h w is the wall height, f y is the Standard, special reinforcement must be provided over a minimum height of plastic hinge region equal factor equal to or larger than 2.5, it is recommended to use a stiffness reduction of approximately 0.18.
23
The stiffness reduction factor increases linearly from 0.18 to 0.5 at a force reduction factor equal to 1. In 
Proposed simplified modal response spectrum method
29
The proposed method is based on modal response spectrum analyses (RSA) to avoid using the more that occur when all seismic loads is attributed to the SFRS. The design forces F GLRS in these elements 41 are determined as follows:
where V d is the lateral earthquake design force at the base of the structure, V e is the lateral earthquake 1 elastic force at the base of the structure, R d is the ductility related force modification factor, R o is 2 the overstrength-related force modification factor, I e is the earthquake importance factor as defined in 6. Perform RSA analyses with GNS model and LPH models. to compute the drift ratios and impose lateral displacements profiles for each column. 
Studied buildings 27
Two sample buildings are analysed to study the proposed methods. The structure shown in Figs. and R d = 3.5 and R o = 1.6 for the cantilever walls.
37
The building shown in Figs. 4 and 5 is identical to the symmetrical building, but with the core 38 offsets 6 meters to the north. Both buildings are then very similar and they allow for an investigation 39 of torsional effects. Torsion sensitivity is assessed from NBCC (NBCC, art. 4.1.8.11.9) by evaluating 40 the parameter B x defined as follows: Column, stories 1-3 Ie = 0.65Ig
Column, stories 4-9 Ie = 0.60Ig
Column, stories 10-12 Ie = 0.55Ig
Slab frame element Ie = 0.2Ig
where δ max is the maximum displacement and δ ave is the average displacement of the structure at Table 2 was judged reasonable.
18
Because the stiffness reduction factor is constant for all members, the forces demands placed on the mode is called the shear force demand-capacity ratio and is expressed as:
where M r is the bending moment resistance and V r is the shear force resistance at the base of a wall 3 with height h w . If I v is larger than 1, the element is shear critical and if it is less than 1, the element is 4 expected to exhibit a flexural failure mode.
5
For the moment M r and shear V r resistances at the base and the length h w of the considered walls, 
Material constitutive laws
13
The modelled buildings are assumed to be made entirely of concrete with 30 MPa compressive get a period range that includes at least 90% of the modal mass, the minimum period considered must 11 be 0.14 s. The adopted period range is then 0.1 s to 4.0 s.
12 Tables 4 and 5 show the selected accelerograms and their scale factors. They also show the mean 13 and standard deviation for the ratios of the scaled spectrum, S T H , over the design spectrum, S a . These 14 ratios allows to quantify how well the selected accelerograms match the design spectrum. It shows that
15
Atkinson's accelerograms yield a more conservative spectrum with larger mean S T H /S a ratios while 16 NGA West2's match it more closely with smaller standard deviations of the S T H /S a ratios. 
17
29
For response spectrum analyses, damping is integrated using the NBCC's 5% damped spectrum D r a f t Rayleigh's coefficients, the fundamental period and the last period required to obtain 90% of the modal 4 mass. point for the analysis (Fig. 1) . The drift profile shape is better represented in the cantilever wall direc- shear displacements. Figure 16 shows the deformed shape of the Digicel building located in Port-au- at their ends. However, girders suffered significant damage and yielding at their connections to the 1 structural walls in the top 6 storeys. These damage can be explained by the rotations imposed by the 2 structural walls at their connections to the girders. Additional information can be found in Boulanger, Our study concentrated on fixed based structures. Obviously, a complete model should include 7 the structure below grade. Foundation movements and structures below grade will lengthen the period 8 of the structure and usually would reduce curvature demands at the base of the walls. However, it is 9 important to mention that the CSA A23.3 impose that the minimum curvature demand on all columns 10 or walls over the plastic hinge length region of the SFRS shall not be taken less than the curvature 11 demand associated with the inelastic rotational demands on the SFRS. This new method is one of many that can be used to calculate the demand placed on GLRS. Its 12 advantage is that it uses only one finite element model of buildings that are designed according the
13
NBCC and thus does not increase the cost of analysis and design but indeed reduces it. In addition, the 14 method can predict the demand on columns and beams, accounting for all interaction with the SFRS.
15
Effects of underground storeys and foundation displacements have not been addressed in this paper but 16 it is known that they have significant effects on the seismic demand. Inertial effects, frequency depen- parameters that need to be accounted for. Modelling of these effects is not simple and some guidelines 19 can be found in (PEER 2010). This paper presents a framework that could be expanded to account for 20 these effects for determining displacement and rotational demands on GLRS that can be effectively 21 used in design offices.
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